There is emerging interest in the role of nocturnal blood pressure (BP) in relation to cardiovascular morbidity. Studies have demonstrated that a nondipping pattern (NDP) with <10% fall in BP during the night is associated with an increased prevalence of target organ damage in patients with primary hypertension. 1 Moreover, it has been shown that normotensive individuals with NDP have increased left ventricular mass and reduced myocardial diastolic function, increased urinary albumin excretion, and impaired glucose tolerance. [2] [3] [4] [5] Although raised arterial BP levels are certainly important predictors of cardiac risk, NDP is also associated with an increase in the incidence of cardiovascular morbidity including stroke, myocardial infarction, and sudden cardiacrelated death. 6, 7 The pathophysiological mechanisms linking NDP to cardiovascular morbidity are unclear. Dysfunction of the autonomic nervous system has been proposed as a possible mechanism underlying both NDP and the related cardiovascular morbidity. [8] [9] [10] Previous data suggest that NDP independently predicts the frequency and complexity of ventricular arrhythmias in subjects with hypertension. 11 Both elevated lability of myocardial repolarization and reduced arterial baroreflex sensitivity (BRS) have been linked to an increased risk of ventricular arrhythmias and sudden death. 12,13 The aim of this study was to explore cardiac repolarization lability and the arterial baroreflex function in a population of healthy subjects with and without NDP, using the sequence method for assessment of baroflex sensitivity and baroflex effectiveness index. The latter is an index of the number of times the arterial baroreflex is active in controlling the heart rate and is a predictor of long-term survival among patients with chronic renal failure. 14 Our hypothesis was that NDP among healthy subjects is associated with arterial baroreflex dysfunction and elevated lability of myocardial repolarization. 
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BackgRound
The "nondipping" pattern (NDP) of blood pressure, characterized by the absence of the reduction in blood pressure (BP) that typically takes place during the night time, has been associated with elevated cardiovascular morbidity, including stroke, myocardial infarction, and sudden cardiac-related death. In various cardiovascular diseases, reduced vagal control of cardiac function and elevated lability of cardiac repolarization have been associated with increased risk for ventricular arrhythmia and sudden death. The aim of this study was to assess temporal QT variability, arterial baroreflex sensitivity (BRS), and baroreflex effectiveness index (BEI) in two groups of otherwise healthy subjects, one group consisting of those with a normal BP pattern and the other with a nondipping BP pattern. methodS Ninety-five healthy subjects underwent 24-h ambulatory BP (aMBP) monitoring. a minimum of 10% reduction in BP during the night relative to daytime levels is considered normal (as found in "dippers"). These individuals were classified as "dippers" (n = 59) and individuals without 10% reduction in BP during night were classified as "nondippers" (n = 36). Electrocardiogram (EcG) readings and beatto-beat BP were recorded at 1,000 hz with the subjects at rest in the supine posture for 20 min. BRS, BEI, and QT variability index (QTVI) were calculated.
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methodS
The local ethical committee at Lund University Hospital approved the study, and all the subjects gave their informed consent to participate.
Individuals with nondipping and dipping BP patterns.
Ninety-five subjects who participated in health assessment at a primary unit in Varberg were recruited. They were healthy individuals who had never received antihypertensive treatment, and were nonsmokers. They underwent measurement of office BP and 24-h ambulatory BP (AMBP) recordings. The individuals were divided into two groups on the basis of their circadian BP pattern. Individuals who showed a minimum of 10% reduction in systolic BP (SBP) as well as in diastolic BP (DBP) were classified as "dippers" and individuals with <10% reduction were classified as "nondippers". There were 36 individuals with NDP and 59 with dipping pattern. One person with NDP was found to have left ventricular hypertrophy according to Cornell's electrocardiogram (ECG) criteria.
Physical activity. All the participants answered a validated questionnaire 15 relating to physical activity, comprising four categorical questions about leisure-time physical activity during the past 12 months in four categories: (i) sedentary (2 h of activity such as walking and bicycling per week); (ii) sporadic moderate activity (at least 2 h of moderate-intensity activity such as bicycling, walking, and gardening per week); (iii) sporadic regular exercise (regular exercise once or twice per week for at least 30 min on each occasion, such as jogging, aerobics, weight training, soccer, etc.); and (iv) regular exercise (regular exercise at least three times per week for at least 30 min on each occasion, such as jogging, aerobics, weight training, soccer etc.). Because very few participants rated themselves in the first category, the first and second categories were lumped together and categorized as sedentary and the results are presented for three groups.
Data acquisition and calculations. All the subjects refrained from caffeine-containing beverages for the 12 h preceding the investigation. After the subjects had rested for 10 min, ECG and beat-to-beat BP were registered during 20 min with the subjects lying in the supine position, using Portapres equipment (Finapres Medical System, Amsterdam, the Netherlands). 16 The measurements were recorded at a sampling frequency of 1,000 Hz and stored in a computer. The recordings were inspected offline for removal of artefactual segments and sequences containing nonsinus beats. Ectopic beats were corrected by interpolation.
QT variability index (QTVI).
A stationary period of 5 min with <5% atrial/ventricular ectopic beats was chosen for the temporal QT interval variability analysis, using a previous described computer algorithm. 17 The examiner defined a template QT interval for one beat from the beginning of the QRS complex to the end of the T-wave including all deflections that might relate to repolarization, including possible U-waves. The algorithm found the QT intervals of all other beats by determining the stretch or compression in time of each beat to best match the ST segment and the T-wave of the template beat, whereas the QRS complex was ignored. RR interval mean (RRm) and variance (RRv) and QT interval mean (QTm) and variance (QTv) were derived from the respective time series. QTVI, which represents the log ratio between normalized QT-and RR-interval variability, was calculated according to the equation:
The ECG recordings were performed by two different technicians and the analyses of the recordings were carried out later by a single investigator (A.M.). All these personnel were blinded as to the clinical data relating to the subjects.
BRS and BEI.
The time series of SBP and RR intervals (RR interval is defined as the interval between the R-waves of two consecutive heart beats on the ECG) from the entire recording period were scanned in order to identify baroreflex sequences; the latter were defined as three or more consecutive beats in which successive SBP and RR intervals concordantly increased or decreased, with the threshold set at 1.0 mm Hg and 5.0 ms, respectively and a shift of +1 between the BP pulse and the RR intervals. 18 Linear regression was applied to each sequence, and only those with the squared correlation coefficient (r 2 ) >0.85 were accepted for further analysis. The arterial baroreflex function was estimated as follows: (i) The spontaneous BRS was calculated, reflecting the average regression slope for all the linear regressions plotted for accepted baroreflex sequences within the whole time frame, and (ii) The BEI was calculated during the recording period. BEI was defined as the ratio: number of SBP ramps that are followed by the respective reflex RR interval ramps fulfilling the BRS criteria, divided by the total number of SBP ramps.
Statistics. The results are presented as mean values ± s.d. Student's t-test for unpaired comparisons was used for data with a normal distribution. The QTVI and BEI data showed a non-normal distribution, and therefore the Mann-Whitney test was used for analyzing these data. The relationship between two variables was assessed from bivariate scatter plots and by calculating the rank correlation coefficient in accordance with the method described by Spearman. Statistical significance was defined as P < 0.05. In order to evaluate the interactions of waist circumference, average SBP during 24 h, age, gender, and dipping BP pattern (independent variables) with the values of QTVI and BEI (dependent variables), respectively, logistic regression analyses were performed. Because QTVI and BEI values were not normally distributed, they were dichotomized, and the highest (QTVI) and lowest (BEI) quartiles were used as thresholds. 
ReSultS
There were no differences between the groups with and without NDP as regards age, gender, office SBP and DBP, 24-h average SBP and DBP, BMI, and waist circumference ( Table 1) . According to the ABPM recordings, 26 of the subjects (72%) with NDP had normal BPs (defined as a daytime value of <135/80 mm Hg), while 10 (28%) had borderline hypertension. 19 In the group without NDP, 47 subjects (80%) had normal BP and 12 (20%) had borderline hypertension. QTVI was higher by 15% in subjects with NDP as compared to those with a dipping BP pattern (P < 0.05, Table 2 ). The QT variances, RR variances, QT means, and RR means did not differ between the study groups. The group with an NDP pattern showed a 21% reduction in BEI as compared to the group with a dipping BP pattern, whereas BRS did not differ between the groups ( Table 3) . The group with a dipping BP pattern had a larger reduction in heart rate during the night as compared to the nondipper group (P < 0.05, Table 2 ), whereas no difference was observed with regard to average heart rate. There was a correlation between the percentage of reduction in nocturnal SBP and both BEI and QTVI (r = 0.21, P = 0.03 for BEI; and r = −0.21, P = 0.03 for QTVI) and also between QTVI and the percentage of reduction in nocturnal DBP (r = −0.27, P = 0.006). However, the correlation between BEI and reduction in nocturnal DBP was not significant. Neither QTVI nor BEI showed any correlation with the average 24-h SBP and DBP. In a logistic regression analysis, with QTVI as the dependent variable and age, gender, NDP, waist circumference, and 24-h average SBP as independent variables, NDP was the only variable that independently predicted QTVI. When BEI was substituted in place of QTVI as the dependent variable in the regression analysis, there were no variables that independently predicted BEI. There were no differences with regard to physical activity between the two groups ( Table 1) . There was a negative correlation between BEI and QTVI (P < 0.05, r = −0.22).
diScuSSion
This study demonstrates, in an otherwise healthy population, that elevated lability of temporal QT variability and arterial baroreflex dysfunction are more likely to be found in subjects with a nondipping BP pattern. QTVI has been shown to predict the risk of sudden cardiac death among patients with cardiovascular diseases. 19 Schillaci et al. reported that the frequency and complexity of ventricular arrhythmias in patients with hypertension were related to NDP; 11 indeed, previous studies have reported increased QTc and QT dispersion among individuals having both primary hypertension and NDP. 20, 21 Sympathetic and parasympathetic nervous activity could affect both the RR and QT intervals, and several studies original contributions
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report alterations in the functioning of the autonomic nervous system in patients with various cardiovascular diseases alongside an NDP. [8] [9] [10] Recently, Grassi et al. reported a close inverse relationship between sympathetic nervous activity and the nocturnal (relative to daytime) BP reduction in subjects with hypertension. 22 Sympathetic nervous activation may increase the temporal lability of cardiac repolarization, thereby elevating sympathetic nervous activity; this is a possible mechanism that links NDP to increased cardiovascular morbidity. 23 NDP has been associated with increased myocardial left ventricular mass and diastolic dysfunction in subjects with normal BP; it seems likely, therefore, that left ventricular hypertrophy could have contributed to the elevated QTVI in some of the subjects with NDP. 2, 3 Previous data indicate that BEI and BRS could provide complementary, non-redundant information on the arterial baroreflex function. 24 Earlier studies have shown that both BEI and BRS alter during sleep relative to waking hours, and also that both factors alter when the individual is engaged in a task that requires concentration. Furthermore, in this study, no correlation was seen between BEI and BRS, thereby corroborating findings from our earlier studies. The BRS is a measure of the sensibility of the baroreflex, and BEI is a measure of the effectiveness of the reflex. In this study, no differences in BRS were found between the group of subjects with NDP and the group with a dipping pattern; this also corroborated the results of earlier studies. 22, 25 In contrast, this study demonstrated a reduced BEI in the NDP group relative to the other group. Di Rienzo and coworkers have reported that sinoaortic denervation in cats reduces BEI to a value near zero, thereby supporting the contention that BEI is related to arterial baroreflex function. 24 Impaired autonomic nervous control of the circulation may be present in those with NDP; this hypothesis is supported by reports of autonomic nervous dysfunction in subjects with hypertension who also have NDP. 9 The association between myocardial repolarization and baroreflex function in subjects with high BP and in those with normal BP is still unclear. However, in a canine model of heart failure, the duration of ventricular late repolarization, the duration of action potential, dispersion of ventricular recovery time, and ventricular fibrillation threshold were investigated in relation to the baroreflex function. The BRS was found to be closely correlated with the repolarization parameters and with the ventricular fibrillation threshold. Therefore the baroreflex function has been related to ventricular electrophysiological variables. In this study, a correlation was found between BEI and QTVI. 26 Reduced parasympathetic nervous activity and increased sympathetic nervous activity may contribute both to an increase in QTVI and to a reduction in BEI.
Study limitations
AMBP monitoring for assessment of the dipping pattern was performed only on one occasion in each subject, and classification of the patients was carried out on the basis of this single measurement. However, most outcome data which demonstrated a prognostic value for an NDP were obtained during one recording of a 24-h AMBP. 6, 7, 27 Echocardiography was not performed in this study. Previous data in individuals with high BP and in those with normal BP have shown that there is a relationship between left ventricular mass and NDP in patients with hypertension, as well as a relationship between QTVI and left ventricular mass. Obesity and the level of physical activity could, in theory, affect the BP dipping pattern and the measurements of baroreflex function; however, in this study, there were no differences between the groups with regard to physical activity levels, BMI, and waist circumference.
Perspectives
Most prognostic data on NDP were obtained in study populations consisting of subjects with hypertension. However, there are data indicating that an NDP is a predictor of the risk of cardiovascular morbidity in normotensive subjects as well. 6 Elevation in lability of myocardial repolarization and reduction in nocturnal fall in BP, both of which are related to cardiovascular morbidity, were demonstrated in this study. These were shown in terms of alterations in baroreflex function in otherwise healthy individuals. Given that both study groups had the same levels of BP, the dysfunction of cardiac repolarization and of the autonomic nervous control of the heart, found in the NDP group, appears to be related to the nondipping rather than to the BP levels per se. Although this study could not establish the cause-effect relationship between NDP and the variables studied, the findings suggest that dysfunction of the autonomous nervous system sets in early in individuals with NDP, and that this could contribute to the increased cardiovascular morbidity previously reported as being associated with nondipping nocturnal BP. original contributions
